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ABSTRACT
The Striated Darter, Etheostoma (Catonotus) striatu-
lum, is a rare percid whose known range is restricted to 15
streams in the mid-to-upper Duck River system, Tennessee.
The last rangewide assessment of its conservation status
occurred in 1992, a survey which yielded only 26 speci-
mens.  In June-July 2006 we reevaluated the darter’s popu-
lation status and characterized its habitat by surveying 30
reaches in 22 streams.  Striated Darters were detected in 11
of 30 reaches with a total of 102 individuals observed; 78
were young-of-year juveniles and 24 were adults.  In late
July total lengths ranged 19-31 mm (mean = 24 mm) for
juveniles and 39-49 mm (mean = 43 mm) for adults, with
only two age classes indicated.  Several new occupied
reaches were identified in streams where the darter had
been collected previously; however, four historically occu-
pied reaches, including the type locality, failed to produce
specimens.  At one of the better sites, a mark-recapture
experiment revealed a population estimate of 136 Striated
Darters per 100 m at a density of 0.14 individuals per m2.
The 11 occupied reaches had the following mean charac-
teristics:  elevation 215 m above sea level, stream order 4.3,
link magnitude 65, riparian zone width 11 m, wetted chan-
nel width 11 m, mid-channel depth 25 cm, discharge 0.01
m3/s, water temperature 26 C, pH 8.0, and conductivity 247
µS.  On average, approximately one-fourth of the bottom
surface of runs and pools was covered with broken
slabrock substrate in the 11 occupied reaches.  The num-
ber of individuals of other Catonotus species (E. flabellare,
E. crossopterum and E. nigripinne) observed in occupied
reaches was highly variable but averaged 53 individuals per
reach.  Environmental characteristics of occupied reaches
were not significantly different from those of unoccupied
reaches, at least for variables measured in this study.  Our
results highlight a species with limited distribution and
abundance, a short lifespan, and whose status parallels
that of other imperiled Catonotus species.
INTRODUCTION
The Striated Darter, Etheostoma striatulum Page &
Braasch, is a small Catonotus darter of the E. virgatum
group found within the Nashville Basin physiographic
region in Tennessee (Fig. 1).  The darter’s known range
spans parts of the mid-to-upper Duck River drainage in
Bedford, Coffee, Lewis, Marshall, and Maury counties,
with occurrence records in only 15 streams (Page and
Braasch, 1977; Page, 1980; Cook et al., 1996).  Other
Catonotus species found in the drainage include E. flabel-
lare, E. smithi, E. crossopterum and E. nigripinne
(Etnier and Starnes, 1994).  
Etheostoma striatulum is a small-bodied darter that
reaches a recorded maximum standard length of 47 mm
(Cook et al., 1996).  It is considered to be an annual
species, with the oldest observed specimen in Page’s
(1980) life history study aged at 17 months (a female).
Page (1980) observed that all April-collected males were
one year old and in spawning condition.  He also docu-
mented rapid growth, with males and females reaching
half of their maximum body size in the first three months
of life.  
Little is known about the Striated Darter’s population
status and environmental associations due to the paucity
of research conducted on the species since its formal
description 30+ years ago.  Page and Braasch (1977) exam-
ined 89 specimens when describing the species, and Page’s
(1980) life history study utilized 191 individuals harvested
over a two-year period, December 1976 to January 1979.
Cook et al. (1996) conducted a status survey in 1992
encompassing all known historical collection localities.
Only 26 specimens were collected from a total of 10 sites,
illustrating Page’s (1980) belief that the darter was a “gen-
erally uncommon” species.  Further, Etnier and Starnes
(1994) noted that their collection efforts at several historic
sites had produced no additional specimens.  
Anthropogenic disturbances in the Duck River system
are likely affecting the distribution and abundance of what
may be a naturally rare species.  Tennessee Department of
Environment and Conservation (as of 2001) identified 18
“potentially unsafe” and another 13 “impaired” stream seg-
ments in the Duck River drainage.  Cook et al. (1996) list-
ed the most prevalent threats as stream alterations, runoff
from livestock pastureland, and siltation from agricultural
practices.  In addition, annual species like the Striated
Darter are particularly vulnerable to adverse habitat mod-
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aging two random wetted channel width measurements
taken within the section.  Sections that averaged ≤5 m in
width were given five seine hauls.  The number of seine
hauls increased as mean section width increased:  a sec-
tion 6-10 m wide was sampled with 10 seine hauls; 11-15 m
wide, 15 seine hauls; 16-20 m wide, 20 seine hauls; and a
section 21-25 m wide, 25 seine hauls.  
The snorkeling protocol was to thoroughly examine
the substrate within the given stream reach.  This process
consisted of two persons slowly and deliberately moving
upstream through the reach in a zigzag fashion.
Snorkeling effort ranged from 90—110 min per reach.
Population Estimate
A population estimate was conducted at one site, Flat
Creek at Hwy. 64 (Site 2, Table 1, Fig. 2), using the Petersen
mark-recapture method on 25-26 July 2006.  A pilot study
of mark-recapture procedures was conducted at two other
sites (13, 15).  Population estimate procedures followed
Martin et al. (1999) except that block nets were placed at
the upstream and downstream boundaries of each site.
Striated Darters collected on the first day were anes-
thetized with 20 mg/L clove oil, marked by cutting a small
amount of tissue from the lower portion of their caudal fin,
revived in freshwater until normal fin and opercular move-
ment was observed, and then placed back in the stream
randomly throughout the 100-m reach.  The reach was then
resampled 24 h later to count numbers of marked and
unmarked Striated Darters.  Furthermore, Striated Darters
at sites 2, 13, and 15 were measured to the nearest mm
total length (TL) on 24-26 July 2006 to enable construction
of length-frequency histograms and delineate population
age-class structure. 
Population estimates were established for both age-0
(<32 mm TL) and age-1+ (>32 mm TL) classes using the
formula N = (MC)/R, where N = the population estimate, M
= number of individuals marked on the first day, C = num-
ber of individuals collected on the second day that were
not marked on the first day, and R = number of individuals
marked on the first day subsequently recaptured on the
second day.  Striated Darter density was calculated by
dividing the population estimate by the surface area of the
site; surface area was determined by multiplying the mean
width of each 20-m section by its length and summing
these five areas.  An estimate of seining gear efficiency
was obtained by dividing initial catch on the first day by
the population estimate (N) calculated for the site.    
Environmental Variables
Striated Darter presence or absence was related to 12
environmental variables measured at the 30 sites.
Elevation, stream order, and link magnitude (Osborne and
Wiley, 1992), were determined using contour lines on U.S.
Geological Survey topographic maps (1:24,000 scale) and
Maptech software (Terrain Navigator, version 6.02); only
perennial streams were included when calculating stream
order and link magnitude.  Riparian zone width (RZW) was
ifications by sudden events such as extreme flow condi-
tions or chemical spills.  Such disturbances could conceiv-
ably inhibit or prevent spawning in a given year, thereby
undermining the viability of local populations.  The darter
is considered threatened in Tennessee but receives no fed-
eral protection.  
The few individuals observed within Striated Darter
populations, combined with a small geographic range,
make this species a prime candidate for implementation of
conservation practices.  Such implementation will benefit
from current information on population status and envi-
ronmental conditions in Striated Darter streams.
Therefore, the objectives of this study were to (1) deter-
mine population status of the darter at historic and poten-
tial new sites across its range, (2) conduct a population
estimate at one occupied site, and (3) relate the darter’s




Thirty, 100-m reaches were sampled during June and
July 2006 (Table 1, Fig. 2) with an emphasis on revisiting
sites in the Cook et al. (1996) study and new locations that
could support Striated Darter populations.  Detailed site
descriptions and coordinates are provided by Abernathy
(2007).  Each reach was divided into five, 20-m sections.
Most sampling was conducted using seining methods with
the exception of four deeper sites where seining was rela-
tively ineffective; these sites (8, 27, 28, and 29) were sam-
pled by snorkeling.  The Duck River proper was sampled
at Henry Horton State Park (7) although not under the
standard seining or snorkeling protocol used at the other
29 sites because of the different stream conditions found
in the Duck River mainstem (see Abernathy, 2007).  
At the beginning of the survey we compared the rela-
tive effectiveness of collecting Catonotus darters with
seining versus backpack electrofishing at Site 11 in Butler
Creek.  Seining produced more individuals representing a
wider range of body sizes than did electrofishing.  We also
wanted to avoid potential injuries to darters that might be
induced by electrofishing.  For these reasons our primary
sampling technique was seining. 
The standard seining protocol consisted of two per-
sons using short seine hauls while vigorously kicking and
disturbing the substrate.  The seine dimensions were 1.2 m
x 3.0 m and the mesh size was 3.2 mm.  All Catonotus
darters, including the Striated Darter, were removed from
the stream, counted, identified to the lowest possible tax-
onomic level, and placed in separate aerated buckets until
sampling in that 20-m section was completed.  Our proto-
col did not include the Cook et al. (1996) “set-kick” seining
technique of encircling single slab rocks. 
We devised a system to determine how many seine
hauls would be conducted in a given reach section.  First,
the mean width of each 20-m section was obtained by aver-
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evaluated by visually estimating the extent of woody vege-
tation on both sides of the stream to generate an average
one-side-only RZW; tape measurements were taken occa-
sionally to check visual estimates.  Mean mid-channel
depth was determined by taking three mid-channel read-
ings per 20-m section (no redundant readings) and averag-
ing the 15 values; mean wetted channel width was
obtained by averaging two channel widths per 20-m sec-
tion as described above for “Population Status”.
Discharge was measured once per reach using a Marsh-
McBirney Flo-Mate 2000 and top-setting wading rod
(McMahon et al., 1996).  Water temperature and conductiv-
ity were measured with a YSI Model 85 meter, and pH was
measured with an Oakton Instruments pH Testr 3+ meter.  
The amount of microhabitat available for Striated
Darters was ranked categorically for each 20-m section in
a reach; these five ranks were then averaged to generate a
single index of available microhabitat for each reach.
Microhabitat categories were based on visual estimates of
the percent of loose stone microhabitat present in runs
and pools within the section (riffle areas were excluded).
Category ranks were:  0 = <5% available stone habitat; 1 =
6-25% available habitat; 2 = 26-50% available habitat; 3 = 51-
75% available habitat; and 4 = 76-100% available habitat.
The accuracy of the visual-estimation method was
checked in early August 2006 at two representative sites
outside the suite of sites canvassed in this study.  
Other Catonotus species collected in the study reach-
es were handled in the same manner as the Striated Darter.
Individuals were classified as “unknown spottails” if they
were E. crossopterum or E. nigripinne because distin-
guishing non-nuptial individuals of these two species can
be very difficult (see Page et al., 1992).  Abundance of
other Catonotus was calculated by summing the number
of spottails (E. crossopterum and/or E. nigripinne) plus
E. flabellare to generate a total per 100-m reach.
Statistical Analysis
Frequency histograms were constructed separately
for reaches where Striated Darters were present versus
reaches where they were absent by breaking continuous
environmental variables into discrete intervals, or by fol-
lowing existing intervals for categorical variables.  Each
environmental variable was analyzed using Fisher’s Exact
Test in SAS version 8.2 (SAS Institute, 1995) to determine
whether frequency distributions of presence versus
absence reaches differed from one another.  For all statis-
tical analyses,  = 0.1.  
RESULTS
Population Status
The Striated Darter was present at 10 of 26 seining
reaches and one of four snorkeling reaches (Table 1, Fig.
2).  The darter’s continued presence was confirmed at six
of the 10 occupied sites identified by Cook et al. (1996) in
their 1992 survey; however, it was not found in four previ-
ously occupied sites including the type locality (1, 6, 7, 8).
The darter was found in five reaches (13, 14, 15, 22, 27) in
2006 that were not sampled in 1992.  Sites 13, 14 and 15
were new location records in streams known to be inhab-
ited elsewhere by the species in 1992 (Fig. 2).  Striated
Darters were collected in Alexander Creek in 1937 and
Noah Fork in 1962; our sampling at sites 22 and 27 reaf-
firmed their presence in these streams, albeit at different
locations than the historic records.         
One hundred and two Striated Darters were collected
in the 11 occupied reaches (Table 1); 78 of these individu-
als were young-of-the-year juveniles <32 mm TL and 24
were considered age-1+ adults, yielding a juvenile-to-adult
ratio of 3.3 to 1 (this ratio was heavily influenced by 42
juveniles observed at Site 13).  Length-frequency analysis
in late July confirmed a distinct separation between the
two age classes (Fig. 3).  Age-0 juveniles (N = 88) at three
sites averaged 23.5 ± 4.9 mm TL and ranged 19—31 mm
TL, while age-1+ adults (N = 35) averaged 42.8 ± 1.7 mm
TL and ranged 39—49 mm TL.  The juvenile-to-adult ratio
at these three sites was 2.5 to 1, slightly lower than that
calculated for the wider survey. 
Population Estimate
In Flat Creek (Site 2), 14 individuals were collected
and 13 were marked on the first day, and 21 individuals
were collected on the second day with two of these being
recaptures (one juvenile and one adult).  The population
estimate for both age classes combined was 136 Striated
Darters per 100 m at a density of 0.14 individuals per m2.
Population estimates for age 0 and age 1+ individuals per
100 m were 32 and 117 individuals, respectively.  Seining
gear efficiency at Site 2 was 10%, indicating that only one
in 10 Striated Darters was vulnerable to the gear at this
particular site.
Environmental Variables
The 11 reaches occupied by Striated Darters had the
following mean characteristics:  elevation 215 m above
sea level, stream order 4.3, link magnitude 65, riparian
zone width 11 m, wetted channel width 11 m, mid-channel
depth 25 cm, discharge 0.01 m3/s, water temperature 26 C,
pH 8.0, and conductivity 247 µS (Table 2).  On average,
approximately one-fourth of the bottom surface of runs
and pools was covered with broken slabrock substrate in
occupied reaches (mean index of available microhabitat
was 1.5).  The number of individuals of other Catonotus
species observed in occupied reaches was highly variable
but averaged 53 individuals per reach.  
Environmental characteristics of occupied reaches were
not significantly different from those of unoccupied reaches
(Table 2; Fisher’s Exact Test; all P ≥0.20).  Frequency distribu-
tions for most variables associated with Striated Darter pres-
ence mimicked those associated with darter absence.
415) and new occurrences were noted for two additional
streams, Alexander Creek (22) and Noah Fork (27).
Striated Darters had been collected in both streams prior
to 1992, yet were not collected during the 1992 survey.  The
easternmost (Site 27) and westernmost (Site 10) sites
where E. striatulum was encountered are outliers not
only in geography but also geology.  These two sites show
both Nashville Basin and Highland Rim qualities.  Both
streams contain more cherty gravel than do the remainder
of the streams sampled.  Most of the streams sampled
within the interior Nashville Basin display a prominently
bedrock substrate intermingled with patches of gravel and
cobble.  Gravel and cobble are much more prevalent in
both Noah Fork and West Fork of Bigby Creek.  Only one
individual Striated Darter was collected at each site.  It
may be that Striated Darters were never common in either
drainage due to habitat restrictions, such as less available
loose, broken slabrock over bedrock.  It would be interest-
ing to see if more intensive sampling in optimal habitat
within these two streams produces more E. striatulum
specimens.  As one proceeds downstream through the
Noah Fork and Bigby Creek drainages, the nature of these
streams tends to shift from Highland Rim origins towards
qualities representative of interior Nashville Basin
streams.  The focus of Striated Darter studies within these
two streams may need to be shifted accordingly.   
Population Estimate
Our population estimate of 0.14 Striated Darters per
m2 at Site 2 in Flat Creek was intermediate between the
Cook et al. (1996) estimate of 0.04 per m2 at Site 3 in
Hurricane Creek and the Page (1980) estimate of 1.34 per
m2 at Site 1 in Wartrace Creek.  The density at Site 1 cal-
culated by Page (1980) was only in the slabrock portion of
a large pool at the type locality, and thus probably repre-
sents a value near the high end of the range of abundances
exhibited by the species.  
Through our population estimate we were able to gen-
erate a rough estimate of our seining efficiency at Site 2.
Future research should examine collecting gear efficiency
at multiple sites to better place survey results in context.
It will remain important to understand detection probabil-
ities, especially when monitoring population status in
upcoming years.
The pilot study conducted at two sites refined the pro-
tocol used in the mark-recapture population estimate for
this species.  A common dose of clove oil at 40 mg/L (e.g.,
Detar and Mattingly, 2005) was initially used to anesthetize
Striated Darters in the pilot study.  This dose proved to be
too strong for age-0 individuals to recover and age-1+ indi-
viduals required increased recovery time (25 min) before
being released back into the stream.  All of the individuals
that failed to recover from anesthesia were juveniles (<32
mm TL).  This could be linked to stress due to handling,
anesthesia, fin clipping, or any combination thereof.
Regardless, it appears that Striated Darters should be han-
dled with care during any subsequent sampling events.
The initial clove oil (anesthesia) concentration of 40 mg/L
DISCUSSION
Population Status
Our study represents the first rangewide assessment
of Striated Darter populations using a standardized proto-
col at sites of fixed length (100 m).  As such, our data pro-
vide a numerical baseline at 25 seined sites to which future
population monitoring data can be compared.  The previ-
ous survey in 1992 by Cook et al. (1996) differed from our
survey in a number of ways.  First, Cook et al. surveyed
during May, July, and October whereas we sampled in June
and July.  Second, Cook et al. used an unspecified mixture
of set-kicks and standard seine hauls, whereas we used
only the latter.  A set-kick involved placing the seine
around a single slab rock, lifting the slab with two persons
kicking the substrate, thereby “chasing” the fish into the
net.  The set-kick technique specifically targeted a habitat
feature presumed likely to yield Striated Darters:  slab
rocks over bedrock.  Third, Cook et al. did not standardize
sampling effort at each site.  For example, the number of
set-kicks and seine hauls (collectively termed “attempts”)
in their survey varied from 1 to 25 attempts at the ten sites
occupied by the darter.  Finally, Cook et al. did not esti-
mate the efficiency of their sampling methods.  We found
our seining efficiency to be 10% (determined from data at
a single site) which suggests a fairly high probability that
Striated Darters went undetected at one or more sites
where they were actually present in low numbers.
Despite the differences between the 1992 and 2006
surveys, some broad patterns in Striated Darter population
status are apparent.  In both surveys Striated Darter pres-
ence was confirmed at only 10-11 stream reaches and only
24-26 adults were observed (assuming the 26 specimens
reported by Cook et al. were adults).  The species is clear-
ly a rare fish with a limited range and we concur with
Etnier and Starnes (1994) and Cook et al. (1996) that
Striated Darter populations are quite vulnerable to deple-
tion or extirpation.
Six of the 10 sites where Cook et al. (1996) found
Striated Darters produced individuals during our survey
(Fig. 2).  Only one of these six sites, however, yielded >10
individuals (Site 9).  This reach of Flat Creek provided
ample habitat conditions for Striated Darters.  Most of the
16 individuals were collected around pool margins, often
where broken slabrock was found abutting Justicia sp.
beds.  Upstream of Site 9 in Flat Creek, Site 13 produced
the three highest Striated Darter counts seen in this study.
Three separate sampling events produced 44, 57, and 152
Striated Darters (the latter two counts were obtained dur-
ing the population estimate pilot study).  This site con-
tained very little broken slabrock and only modest
amounts of Justicia sp.  Most individuals were juveniles
collected over open bedrock.  Much more of what is per-
ceived to be optimal Catonotus habitat (i.e., more broken
slabrock present) can be found both upstream and down-
stream of Site 13.    
Three new occurrences were identified in streams
known to be inhabited by E. striatulum (Sites 13, 14, and
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may be utilized by Striated Darters prior to adulthood.
These smaller individuals are presumably less competitive
than adults at acquiring habitat space, use different prey
resources, and therefore may occupy different habitat
until they reach a point where they can secure their own
stones for habitat and/or nesting.  It is also possible that
these younger individuals may have been dislocated from
upstream through a high-water event and subsequently
settled in this area.  The Striated Darter is believed to be
an annual species with the oldest observed individual
being 17 months (Page, 1980).  Should adults perish during
summer or autumn, it is conceivable that younger individ-
uals may move in and occupy the niche space vacated by
senescing individuals.  In short, no definitive statements
can be made regarding microhabitat due to the number of
individuals observed away from what is believed to be
optimal adult Catonotus habitat.  Enough individuals were
collected near emergent stands of Justicia sp. and over
open bedrock to create some uncertainty regarding the
nature (obligatory or facultative) of the relationship
between Striated Darters and broken slabrock outside of
the spawning season.    
Etheostoma crossopterum and E. nigripinne often
appear to be the most dominant benthic species in streams
where they occur (Table 1).  In many middle and upper
Duck River tributaries, one can hardly pull a seine through
a slabrock pool or riffle without collecting several speci-
mens of either E. crossopterum or E. nigripinne.
Barcheek darters in the E. virgatum group, like the
Striated Darter, show very unique distribution patterns
and causation behind these distributions has yet to be fully
determined.  Barcheeks often have large geographic gaps
in their distribution and these gaps are often filled in by
other barcheeks (Page and Schemske, 1978).  Barcheek
species are rarely, if ever, collected sympatrically.
Barcheek darters are found primarily in the Cumberland
River system, yet certain members of this group can be
found in the lower Ohio and lower Tennessee systems.
Etheostoma striatulum, however, is an outlier when com-
pared to other barcheek distributions.  Etheostoma striat-
ulum occurs in the upper Duck River drainage and appar-
ently has no contact zone with other barcheeks.  It is also
interesting to note that the middle portion of the Duck
River is largely void of barcheeks.  There appears to be a
substantial amount of suitable habitat within this portion
of the drainage, yet something seems to be restricting
barcheeks from range expansion into this area.  The
extreme lower Duck River and its tributaries are often
inhabited by E. smithi, whereas the upper reaches are
occupied by E. striatulum.  
This biogeographic phenomenon, along with various
other aspects of Catonotus species’ ecology and life histo-
ries, may be driven by competitive exclusion (Page and
Schemske, 1978).  These authors believe that competition
among slab-pool species of Catonotus appears responsible
for their allopatry.  Page and Schemske (1978) also specu-
lated that the presence of members of the E. squamiceps
complex (e.g., E. crossopterum or E. nigripinne) often
was reduced to 20 mg/L for the actual mark-recapture
experiment.  The 20 mg/L dose was sufficient for anes-
thetizing fish while still allowing recovery in a reasonable
amount of time.  
Environmental Variables
Cook et al. (1996) reported mean stream widths of 11
m at sites occupied by Striated Darters in their 1992 sur-
vey, with a range of 5-20 m.  We calculated exactly the
same average wetted channel width, 11 m, from our 2006
occupied sites, with a similar range of 5-19 m.  In 2006
Striated Darters occupied 1 third-order site, 6 fourth-order
sites, and 4 fifth-order sites which reflects this range of
stream widths.  However, the frequency distribution of
wetted channel widths at occupied sites did not differ
from that of unoccupied sites (Table 2).  In fact, none of
the reach-scale environmental variables showed a statisti-
cally significant difference, suggesting that (1) other
reach-scale variables and (2) variables at different spatial
scales should be examined in future studies.  Increasing
sample size to increase statistical power at the reach scale
could help determine whether the trend noted for water
temperature is a real phenomenon.  However, the apparent
limited distribution of the species will ultimately limit sam-
ple size at the reach scale.
Darters belonging to the subgenus Catonotus are
believed to require broken slabrock for spawning and/or
habitat.  Cook et al. (1996) reported that slab rocks occu-
pied by Striated Darters typically averaged 25 by 22 by 5
cm.   However, we were unable to identify a link between
amount of microhabitat available and the presence or
absence of Striated Darters.  Striated Darters were collect-
ed at sites with an abundance (>50%) of available micro-
habitat, as well as at sites with apparently insufficient
microhabitat.  Many sites also contained beds of Justicia
sp.  Although these stands of Justicia sp. were not includ-
ed in scoring for microhabitat categories, a number of
Striated Darters were collected in and around these
stands.  
A larger temporal scale (other months, seasons, years)
should be used when examining habitat preferences of the
Striated Darter at different stages during its lifetime.  Older
individuals are believed to be obligated to loose stones for
breeding purposes and appear to use them, as well as
Justicia sp. beds, for non-breeding habitat.  Young-of-the-
year individuals may not begin to compete with larger
adults for habitat until they reach the point where they are
competitive or until their diet has shifted to larger prey
that are not found over open slabrock.  Page (1980)
showed that a decrease in the amount of crustaceans con-
sumed by Striated Darters occurred as individuals became
larger, and these were subsequently replaced by larger
insects, primarily chironomid larvae.  
Werner and Gilliam (1984) proposed that such ontoge-
netic shifts are common in animals where resource use
and predation risk are related to body size.  Therefore,
reaches with characteristics such as Site 13, where 42 of 44
individuals were juveniles collected over open bedrock,
6December 2011 Striated Darter Conservation Status
problematic in Striated Darter streams.  For example, we
did not detect the darter at four sites where it was seen in
1992, including the type locality which is in a degraded
condition.  As noted above, additional research will be
required to better understand the threats faced by this
species.
The combination of low abundance, small geographic
range, non-detection at selected sites, and anecdotal evi-
dence of degraded stream conditions warrants the atten-
tion of biologists and policymakers charged with resource
conservation duties in the Tennessee region.  Regular mon-
itoring of population trends and efforts to protect and
restore stream habitat quality would be prudent conserva-
tion measures to encourage the persistence of this unique
Duck River species.
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TABLE 1. Number of individuals of Etheostoma striatulum, E. flabellare, and 
E. crossopterum + E. nigripinne observed at 30 sites sampled during June–July 2006 in the Duck River
system of middle Tennessee.  Site locations are illustrated in Fig. 2.
Number of Individuals Observed
E. striatulum
Site Stream County Age 0 Age 1+ E. flabellare E. crossopterum
+ E. nigripinne
1 Wartrace Creek Bedford 0 0 0 319
2 Flat Creek Bedford 8 0 0 22
3 Hurricane Creek Bedford 0 3 1 19
4 Fall Creek Bedford 7 2 1 6
5 North Fork Creek Bedford 0 3 0 60
6 Wilson Creek Marshall 0 0 0 59
7 Duck River Marshall 0 0 2 1
8 East Rock Creek Marshall 0 0 0 0
9 Flat Creek Maury 14 2 0 53
10 West Fork Bigby Creek Lewis 0 1 8 35
11 Butler Creek Bedford 0 0 17 303
12 Dog Branch Maury 0 0 0 28
13 Flat Creek Maury 42 2 0 297
14 North Fork Creek Bedford 0 4 0 43
15 Wartrace Creek Bedford 5 6 0 7
16 Globe Creek Maury 0 0 0 0
17 Little Bigby Creek Maury 0 0 0 1
18 West Fork Bigby Creek Maury 0 0 0 1
19 East Rock Creek Marshall 0 0 0 81
20 Little Flat Creek Maury 0 0 0 67
21 Clem Creek Bedford 0 0 0 13
22 Alexander Creek Bedford 2 0 0 33
23 Flat Creek Bedford 0 0 6 10
24 Knob Creek Maury 0 0 3 1
25 Silver Creek Maury 0 0 7 74
26 Fountain Creek Maury 0 0 2 0
27 Noah Fork Coffee 0 1 0 0
28 Garrison Fork Bedford 0 0 0 0
29 Big Bigby Creek Maury 0 0 12 21
30 Noah Fork Coffee 0 0 7 2
Totals 78 24 66 1,556
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g  y  y  
 Striated Darter Present Sites  Striated Darter Absent Sites  
Characteristic N Mean ± SD Range  N Mean ± SD Range P 
         
Elevation (m above sea level) 11 215 ± 18 186-250  19 212 ± 24 177-256 0.414 
Stream Order 11 4.3 ± 0.7 3-5  18 4.0 ± 0.8 2-5 0.906 
Link Magnitude 11 65 ± 32 27-129  18 74 ± 72 2-264 0.841 
Riparian Zone Width (m) 11 11 ± 7 5-20  19 12 ± 9 0-30 0.319 
Wetted Channel Width (m) 11 11 ± 4 5-19  19 14 ± 15 6-75 0.767 
Mid-channel Depth (cm) 5 25 ± 20 9-44  11 27 ± 15 7-60 1.000 
Discharge (m
3
/s) 6 0.01 ± 0.01 0.0-0.01  12 0.42 ± 1.38 0.00-4.79 1.000 
Water Temperature (C) 11 26 ± 2 21-28  19 26 ± 3 21-30 0.202 
pH 3 8.0 ± 0.0 7.9-8.3  9 7.9 ± 0.4 7.6-8.6 0.763 
Conductivity ( S) 7 247 ± 108 152-376  17 238 ± 116 27-391 0.261 
Available Microhabitat 11 1.5 ± 0.8 0.2-3.0  19 1.4 ± 0.7 0.0-3.0 0.784 
Abundance of other Catonotus 11 53 ± 83 0-297  19 51 ± 96 0-319 0.520 
   
 
 
TABLE 2. Descriptive statistics and Fisher’s Exact Test results (P value in rightmost column) for 12 environmental characteristics
measured at 30 sites in the middle-upper Duck River system where Etheostoma striatulum was present (N = 11) or absent (N = 9)
during a survey in June-July 2006.
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FIGURE 1. The Striated Darter, Etheostoma striatulum, as illustrated by Matthew R. Thomas.
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FIGURE 2. Middle-upper portion of the Duck River drainage in Tennessee showing 30 sites sampled during June-July 2006 for
the Striated Darter, Etheostoma striatulum.  Site coordinates can be found in Abernathy (2007).  Filled circles indicate Striated
Darter presence in both 2006 and a 1992 survey by Cook et al. (1996); filled triangles indicate absence in 2006 and presence in
1992; filled squares indicate presence in 2006 and absence or not sampled in 1992; and empty squares indicate absence in 2006
and not sampled in 1992.
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N = 123 
FIGURE 3. Length-frequency histogram depicting Striated Darter age-class structure at population
estimate study site (2) and pilot study sites (13, 15) on 24-26 July 2006.  Length intervals from left are
18-19 mm TL, 20-21 mm TL, and so forth.
13
SFC PROCEEDINGS No. 53
Conservation Status of the Longhead Darter, 
Percina macrocephala, in Kinniconick Creek, Kentucky
DAVID A. EISENHOUR1*, AUDREY M. RICHTER1,2, and JOSHUA M. SCHIERING1




U.S. Army Corps of Engineers, Buffalo District
Buffalo, New York 14207
*Corresponding author: d.eisenhour@morehead-st.edu
ABSTRACT
Percina macrocephala, the Longhead Darter, is rare
throughout its range and endangered in Kentucky.  One
population in Kentucky occurs in Kinniconick Creek,
Lewis County, and prior to this study was known from only
a few specimens, mostly collected in 1981. In summer and
early fall of 2007 and 2008, 55 reaches, spanning 54 stream
km of Kinniconick Creek, were surveyed by snorkeling,
electrofishing, or seining for P. macrocephala. We encoun-
tered 104 individuals of P. macrocephala in a 50 stream km
segment from just below the town of Kinniconick to the
town of Garrison.  Fifteen of the 55 sampled reaches con-
tained P. macrocephala.  Most individuals were encoun-
tered in a middle section between the confluences of
Laurel Fork and Town Branch; this area also contained
many young-of-the-year, indicating successful reproduc-
tion and recruitment.  Although we judge this species to be
rare to uncommon in most of Kinniconick Creek, it is local-
ly common in the middle section, and the population
seems to be stable and perhaps the most robust in the
state.  We conservatively estimate a total population of
2000-5000 in the stream.  Because this population appears
to be migratory, and exhibits source-sink dynamics, it is
susceptible to anthropogenic barriers (e.g., culvert cross-
ings) that prevent movements.
INTRODUCTION
Percina macrocephala (Cope), the Longhead Darter, is
a large darter found in small to medium upland streams
within the Ohio River basin (Page and Burr, 2011).
However, it is sporadically distributed; the best popula-
tions appear to be in the Allegheny River drainage of
Pennsylvania (D. A. Neely, pers. comm.), the Elk River of
West Virginia (Stauffer et al., 1995; Welsh and Perry, 1998),
and the Green River drainage in Kentucky and Tennessee
(Page, 1978; Burr and Warren, 1986).  Because of its dis-
continuous distribution and its rarity in many areas of
occurrence, it is considered threatened or endangered in
most states in its range; in Ohio it is probably extirpated
(Trautman, 1981; NatureServe, 2010).  In the southeastern
U.S. it is considered threatened (Jelks et al., 2008) and
globally is considered as G3 (vulnerable) (NatureServe,
2010).
In Kentucky, P. macrocephala is most common in the
upper Green River and Barren River systems (Burr and
Warren, 1986).  One early record each is available from the
Cumberland River drainage (1891) and the upper
Kentucky River drainage (1890) (Kirsch, 1893; Page, 1978),
but the species is now considered extirpated from these
drainages (Burr and Warren, 1986).  It is represented in the
Big Sandy River system by a 1937 record from Johns Creek
in Pike County (UMMZ 154793). Its current status there is
unknown.  Percina macrocephalawas first documented in
Kinniconick Creek by a specimen (SIUC 23370) collected
by Minor Clark in 1938 and later by seven specimens col-
lected by L. Kornman in 1981 from three sites (Warren and
Cicerello, 1983).  A few additional specimens were
observed or captured from one of Kornman’s collection
sites from  2003-2005 (R. Cicerello and D. Neely, pers.
comm.).  Despite Warren and Cicerello’s statement that
Kinniconick Creek had a healthy population, no compre-
hensive survey for this species had been conducted prior
to this survey.  In Kentucky this species is listed as endan-
gered (KSNPC, 2010) and critically imperiled (S1)
(Kentucky’s Comprehensive Wildlife Conservation
Strategy, 2010).
Geographic variation in morphology has been noted in
this species; the Kinniconick population is the only extant
one in the state belonging to an upper Ohio group (Page,
1978).  However, recent analysis of molecular data shows
little differentiation among specimens from the Barren
River to the Allegheny River, suggesting recent, post-
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Pleistocene dispersal (Page and Near, 2007).  Thus, a con-
servation survey provides information on one of the most
poorly known extant populations in Kentucky.  Our goals
were to determine the distribution and population size of
P. macrocephala in Kinniconick Creek.  These data are
compared with historical data and observed habitat to
determine changes in population size and primary threats
to this species in Kinniconick Creek.
METHODS
Study area
The Kinniconick Creek watershed (655 km2) encom-
passes approximately half of Lewis County, Kentucky
(USGS, 2008). This creek is 87 km long, with a gradient of
approximately 2.3 m per stream km.  The dominant land-
cover type of the Kinniconick Creek watershed was calcu-
lated to be forested land (82%), followed by
scrubby/herbaceous cover (7%), pasture/hay/crops (6%),
and developed land (4%) (KGSGL, 2007).  In general water
is fairly clear (our measured Secchi disk visibilities were
usually 2-3 m), with substrates primarily of boulder, cob-
ble, and gravel.  Submergent vegetation is occasional and
emergent vegetation (Justicia) is common.
Sampling stations
We surveyed Kinniconick Creek, Lewis County,
Kentucky from early summer to mid-fall of 2007 and 2008
for P. macrocephala.  We established 198 sampling stations
(reaches), via canoe, over a 69 stream km distance, from
the confluence of Indian Creek to the town of Garrison (at
the most downstream riffle before the stream enters the
Ohio River).  Reaches were defined as the crest of one rif-
fle to the crest of the next riffle, and contained at least one
pool.  Reach length ranged from 36 to 3000 m, reach width
averaged 13.4 m, and reach depth averaged 0.36 m.
Because of logistical constraints and results from prelimi-
nary sampling, we sampled for darters in the lower 54
stream km (155 reaches), with the upper boundary being
just above a concrete low-water farm bridge at the town of
Kinniconick.  We followed a stratified random design
(Brown and Austen, 1996), where one of every three reach-
es were chosen randomly and surveyed for P. macrocepha-
la.  We snorkeled a total of 55 reaches (41 in 2007, 14 in
2008).  In addition, 14 of these 55 reaches (selected ran-
domly) were also sampled by backpack electrofishing and
seining to evaluate the effectiveness of snorkeling.
Darter surveys
Quantitative surveys for darters were conducted by
snorkeling and were accomplished by two persons moving
parallel upstream through a reach.  Positions of observed
P. macrocephala were marked with a weighted flag.  If
multiple darters were found in a small area (< 1 m2), only
one flag was dropped but the maximum number of darters
visible together was recorded.  For reaches less than 120
m long, the entire reach was sampled.  Longer reaches
were subsampled by snorkeling 40 m at each end of the
reach and 40 m near the middle of the reach.  An addition-
al criterion for the middle 40-m section was that it had to
be sufficiently shallow (less than 1.5 m) to effectively
snorkel, seine, and backpack electrofish.  For reaches that
also were sampled by backpack electrofishing and seining,
the same distances were sampled.  Sampling methodology
of seining and electrofishing followed guidelines of KDOW
(2010).  Locations of darters observed while wading or
canoeing in reaches or sections of reaches not sampled
also were recorded.
RESULTS
We found P. macrocephala in 15 of the 55 reaches sam-
pled (Fig. 1). Visibility (lateral Secchi disk distance) was
not significantly different (t-test, P=0.1851) between
reaches with and without P. macrocephala, suggesting dif-
ferences in visibility among reaches did not affect our abil-
ity to detect darters while snorkeling.  Most Longhead
Darters were found in the middle part of Kinniconick
Creek, between the confluences of Laurel Fork and Town
Branch.  A total of 104 P. macrocephalawere encountered,
which included 65 individuals from sampled reaches and
39 additional individuals (Appendix).  These 39 individuals
were observed, often from canoe or while wading, in
reaches not sampled or in portions of reaches not sam-
pled. Also, in 2005-2007, R. Cicerello and R. Evans, while
surveying Kinniconick Creek for mussels, observed P.
macrocephala at four sites (pers. comm.) and in 2003-2004,
D. Neely collected a total of four P. macrocephala (pers.
comm.) (Fig. 1).  Our records extend the known range
upstream and downstream in Kinniconick Creek to 50
stream km, from about 0.5 km below KY 10 Crossing
(38.59782°, -83.18539°) upstream to about 3 km below con-
fluence of Grassy Branch (38.50764°, -83.32468°).  Both
young-of-the-year and subadults-adults were found; all of
the young-of-the-year were found below the confluence of
Laurel Creek (Fig. 2).  
Longhead Darters most frequently were found in areas
just above riffles where there was little or no flow (0-0.22
m/sec, mean = 0.027 m/sec), low to moderate silt (<1 mm
on rocks), abundant boulders and cobbles, and depths of
0.4-0.8 m.  We occasionally encountered P. macrocephala
below riffles and rarely encountered them in the middle of
long pools, usually when shallow water (a “saddle”) creat-
ed slight flow (Eisenhour et al., 2009).
DISCUSSION
Status in Kinniconick Creek
Prior to 2003, P. macrocephala was known from only
eight specimens, mostly collected by L. Kornman in 1981
(Warren and Cicerello, 1983) from a 25 stream km reach.
We document the species from about 50 stream km and
found it to be locally common in some areas.  Because of
the difficulty in capturing P. macrocephala in Kinniconick
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Creek, mark-and-recapture studies are not useful for esti-
mating populations.  Based on a combination of snorkeling
surveys and mark-and-recapture methods, a population of
Gilt Darters (Percina evides) in Tellico Creek, North
Carolina,  was estimated to be about 2.7 times larger than
the number of individuals encountered (Skyfield and
Grossman, 2008).  Our snorkeling efforts appear a little less
intense than theirs, but we judge that P. macrocephala is
more likely to be observed, because of its large size and
pelagic habits.  Assuming the detection probability of P.
evides and P. macrocephala by snorkeling is similar, we
estimate 20-50% of the individuals present were seen in the
sections sampled.  Extrapolating from the 5700 m sampled
to the 54 total km in our survey area, a conservative popu-
lation estimate for Kinniconick Creek is 2000-5000 P.
macrocephala.  There is no evidence to suggest that P.
macrocephala has declined in Kinniconick Creek.  We
judge P. macrocephala to be uncommon to locally common
in Kinniconick Creek below the confluence of Laurel Fork
and rare above the confluence of Laurel Fork.
The population of P. macrocephala in Kinniconick
Creek may be one of the most robust in the state.  This
species formerly was common in the upper Green and
Barren River systems (Page, 1978), and remains locally
common there in Russell Creek, Trammel Fork, and Drakes
Creek (D. A. Neely, pers. comm.).  Other recent, intensive
surveys of areas in the Green River where it was formerly
common revealed very few specimens (M. Thomas, B. M.
Burr, and R. Hopkins, pers. comm.), suggesting some pop-
ulations in the Green River drainage have declined.
Although this study documented a Kinniconick population
larger than previously presumed and relatively stable, P.
macrocephala is still uncommon there, and one of the
rarest darters in Kinniconick Creek.  We recommend main-
taining the endangered status of this species in Kentucky.
Management implications
1. Snorkeling is an effective sampling technique.
Most Longhead Darters were seen while snorkeling (74%),
many were seen while canoeing or wading (20%), but only
a few were captured by electrofishing or seining (6%).
These darters are large and typically suspend in midwater,
making them fairly easy to see by snorkeling or from the
surface.  In many reaches we saw numerous P. macro-
cephala while snorkeling, but were unable to collect any
with a seine or backpack electrofisher only minutes later.
We sometimes observed P. macrocephala moving away
from an active backpack electrofisher, apparently sensing
the electrical field from a distance and escaping before
they could be stunned, as do pelagic minnows.
2. Priority protection. The most important section of
Kinniconick Creek that should be protected is the middle
section, between the confluences of Laurel Fork and Town
Branch.  This area has the highest concentrations of P.
macrocephala, and nearly all of the young-of-the-year.  In
addition, this is the only section where we encountered
another rare fish (Notropis ariommus, Popeye Shiner),
and where we most frequently observed live mussels.
Riparian zones along this section are almost entirely intact
and land cover is almost entirely forested.  Our preliminary
observations suggest a study comparing the relationship of
P. macrocephala abundance to land use practices and
riparian zone width would likely be informative.
3. Road crossings should allow instream movements
of Longhead Darters. Populations appear to be seasonally
migratory.  At two sites that each yielded more than 10 indi-
viduals during the regular sampling protocol (August 2007),
no individuals were found at two other surveys (June 2007
and September 2009), despite similar, intensive efforts.
Kinniconick Creek experienced severe drought both sam-
pling seasons, with record to near-record low flows record-
ed at the USGS gaging station.  Flows fell to zero, or nearly
so, by mid-July in 2007 and by late August in 2008. At this
time, lower Kinniconick Creek (below confluence of Laurel
Fork) flow was mainly interstitial seepage through riffles;
upper Kinniconick Creek consisted of isolated pools, with
intervening, completely dewatered sections as long as 500
m.  We suspect that periodic local extirpations or poor
recruitment occurs in the upper portion of the stream dur-
ing severe droughts; immigration from downstream areas
is needed for recolonization.  Phylogeographic studies sup-
port the hypothesis that this species has substantial poten-
tial for migration.  Specimens spanning a geographic range
from the Barren River of Kentucky to the Allegheny River
of Pennsylvania exhibit almost no divergence in mtDNA,
which suggests a recent population bottleneck followed by
rapid, postglacial dispersal (Page and Near, 2007).  In addi-
tion, the distribution of adult and young P. macrocephala
(Fig. 2) suggest that source-sink dynamics (Pulliam, 1988;
Dias, 1996) are present, at least during our sample period,
which were both severe drought years.  Downstream areas
which have a high density of P. macrocephala and evidence
of successful reproduction may act as source populations
that supplement populations, by migration, in upper
Kinniconick Creek, a sink.  The upper Kinniconick popula-
tions may require immigration to supplement limited repro-
duction (acting as a pseudosink) or no reproduction (act-
ing as a true sink).
Some road crossings, especially culverts, affect fish
movements by blocking or limiting migration (Warren and
Pardew, 1998; Schaefer et al., 2003; Benton et al., 2008).
Many road crossings over Kinniconick Creek are high
bridges, such as those at KY 10 and KY 59, which do not
impair fish movement.  However, two crossings at the
upstream limit of the range of P. macrocephala in
Kinniconick Creek are low-water concrete bridges with
perched culverts.  Upstream passage by fishes is impossi-
ble at low to moderate flows, and difficult at high flow,
because flow is funneled through culverts, creating rapid
currents with no cover.  Sampling above the most down-
stream culvert was less intensive (five sites quantitatively
sampled, plus about 12 km of survey by canoe and wading),
than in the rest of the stream, but no P. macrocephala were
found in this area.  This suggests that construction of road
crossings be engineered to permit upstream and down-
stream movement of fishes.
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APPENDIX 
TABLE A1. Percina macrocephala found within quantitatively sampled reaches in 
Kinniconick Creek.  Reaches are listed from upstream to downstream. 
 




Method Latitude and Longitude 










14 August 2007 104  1 Snorkel 38.48222°, -83.25028° 





25 July 2007 112 12  Snorkel 38.49722°, -83.25637° 
24 July 2007 123 6 2 Snorkel 38.52222°, -83.24861° 
24 July 2007 125  3 Snorkel 38.52278°, -83.24986° 
31 August 2007 132  2 Snorkel 38.51579°, -83.23318° 
9 September 2007 138 2 4 Snorkel 38.53078°, -83.24277° 






16 August 2007 143 4  Snorkel 38.54194°, -83.23806° 
8 Aug 2007 148  1 Snorkel 38.55066°, -83.23826° 









8 August 2008 K34  1 Snorkel 38.58294°, -83.19058° 


















TABLE A1. Percina macrocephala found within quantitatively sampled reaches in Kinniconick Creek.
Reaches are listed from upstream to downstream.
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TABLE A2. Percina macrocephala found during non-quantitative surveys (either in 
reaches not sampled or in parts of reaches not quantitatively sampled) in Kinniconick  
Creek.  Reaches are listed from upstream to downstream. 
 




Method Latitude and Longitude 





31 May 2007 106  1 Canoe 38.48472°, -83.25361° 
25 July 2007 109 1  Wading 38.49171°, -83.25097° 
25 July 2007 110  2 Canoe 38.49444°, -83.25° 
25 July 2007 111 1  Canoe 38.49667°, -83.25806° 





38. 49707°, -83.25725° 
23 July 2007 122  1 Wading 38.52155°, -83.24861° 
24 July 2007 126 10 6 Wading 38.52333°, -83.24444° 

















            
 
            
TABLE A2. Percina macrocephala found during non-quantitative surveys (either in reaches not sampled or
in parts of reaches not quantitatively sampled) in Kinniconick Creek. Reaches are listed from upstream 
to downstream.
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FIGURE 1. Distribution of Percina macrocephala in Kinniconick Creek, Lewis County, Kentucky.
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FIGURE 2. Adult and young Percina macrocephala encountered in Kinniconick Creek, 2007-2008.
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First Observation of a Natural Hybrid Between 
Endangered Roanoke Logperch (Percina rex) and 
Chainback Darter (Percina nevisense)
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ABSTRACT
I used meristic, mitochondrial DNA, and nuclear DNA
methods to infer the most likely ancestry of a putative
hybrid specimen of Percina captured in the Roanoke River
of Virginia.  Potential parental species included Percina
rex, P. nevisense, and P. roanoka.  All nine of the meristic
characters that I counted for the putative hybrid were with-
in the published ranges of counts for P. nevisense, where-
as counts for five characters were outside of published
ranges for either P. roanoka or P. rex.  These results were
consistent with pure P. nevisense ancestry as well as vari-
ous hybridization scenarios.  Based on analysis of 1037 bp
of the ND2 mitochondrial gene, the haplotype of the puta-
tive hybrid was identical to a known P. rex haplotype, but
<86% similar to the closest-matching haplotypes for either
of the other two species.  Bayesian admixture analysis
using seven nuclear microsatellite markers indicated a
high probability of P. rex or P. nevisense ancestry and a
low probability of P. roanoka ancestry.  Taking all evidence
together, the most parsimonious explanation is that the
specimen was a hybrid between P. rex and P. nevisense.
INTRODUCTION
Hybridization is a relatively common phenomenon
among freshwater fishes (Scribner et al., 2001; Keck and
Near, 2009).  Although many hybrid offspring are not
viable, those that are may contribute to subsequent intro-
gression.  Introgression can increase phylogenetic diversi-
ty via the creation of novel evolutionary trajectories (e.g.,
Dowling and Secor, 1997), but also can negatively impact
native genomes and species (e.g., Echelle and Echelle,
1997; Seehausen et al., 1997).  Documentation of hybridiza-
tion events in nature therefore is important from both sci-
entific and conservation standpoints.  
On 16 July 2004, while using a backpack electrofisher
to sample fishes in the Roanoke River (Roanoke County,
Virginia), a montane warmwater stream in the Ridge and
Valley physiographic province, I captured a putative hybrid
of the genus Percina.  The specimen exhibited pigmenta-
tion patterns unlike any other Percina species known from
the Roanoke River drainage (Fig. 1; Jenkins and Burkhead,
1994).  The right pectoral fin was removed for genetic
analysis and both specimen and fin were preserved in 95%
ethanol.
The only Percina species known to occur in the
Roanoke drainage (Jenkins and Burkhead, 1994) are
Roanoke Logperch, Percina rex (Jordan and Evermann);
Chainback Darter, P. nevisense (Cope); and Roanoke
Darter, P. roanoka (Jordan and Jenkins).  All three species
are syntopic in riffle-run habitats in the montane section of
the Roanoke River, but the species vary greatly in abun-
dance; P. roanoka is by far the most abundant, P. rex is
intermediately abundant, and P. nevisense is by far the
least abundant Percina species (J. Roberts, pers. obs.).
Numerous darter hybrids involving Percina species have
been observed previously in nature (Hocutt and Hambrick,
1973; Keck and Near, 2009).  Of the three Roanoke River
Percina species, hybridization has been observed only in
P. roanoka, but there have been reported hybrids involving
species closely related to the other two Roanoke River
Percina species (e.g., P. caprodes, P. peltata).
Furthermore, prezygotic reproductive isolating barriers
(RIBs) for these species may be weak because of their
preferences for similar spawning habitats and times, simi-
lar egg-burying strategies and modest sexual dimorphism.
In the present study, I used meristic counts and molecular
genetic markers to infer the most likely parental species of
the putative hybrid individual.
METHODS
Meristic counts were made under a dissecting micro-
scope on both sides of the specimen.  Results were com-
pared to published ranges of meristic counts from poten-
tial parental species, as follows: P. rex ranges were based
on Jenkins and Burkhead’s (1994) analysis of 112 Virginia
collections, P. roanoka ranges were based on Jenkins and
Burkhead’s (1994) analysis of 80 Virginia collections com-
bined with their synthesis of Mayden and Page’s (1979)
data, and P. nevisense ranges were based on Goodin et al.
(1998) analysis of 115 collections from throughout the
species’ range.  
To infer the matrilineal ancestry of the putative hybrid,
I sampled 1037 bp of the ND2 mitochondrial DNA gene.
Whole genomic DNA was extracted from the fin clip using
a Pure Gene DNA Extraction Core Kit A (Gentra Systems,
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Minneapolis, Minnesota, USA).  Forward and reverse
primers for polymerase chain reactions were ND2 562L and
ND2 449H, respectively, from George et al. (2006).  PCR
employed 25-µl reactions with the following reagent mix: 2
µL of 2.5-mM each dNTPs (premixed); 2.5 µL of 10X NH4
ExTaq buffer (MgCl2 included); 1 µL each of 20-µM ND2
562L and ND2 449H primers; 0.15 µL of 5 Units µL-1 ExTaq
polymerase (TaKaRa Bio, Inc., Otsu, Shiga, Japan); 3 µL of
20 ng µL-1 template DNA; and 15.35 µL of dH2O.  I conduct-
ed PCR in a MyCycler Thermal Cycler (BioRad, Hercules,
California, USA) using an initial denaturation step (94 °C, 3
min), followed by 35 cycles of denaturation (94 °C, 40 s),
annealing (60 °C, 40 s), and extension (72 °C, 60 s), and a
final extension step (72 °C, 2 min).  Non-specific amplifica-
tion products were removed using ExoSAP-IT (USB Corp.,
Cleveland, Ohio, USA) and the cleaned DNA was subjected
to forward and reverse sequencing in an ABI 3130 automat-
ed sequencer at the Virginia Bioinformatics Institute at
Virginia Tech.  Forward and reverse sequence fragments
then were aligned and edited in SEQUENCHER version 3.0
(Gene Codes Corp., Ann Arbor, Michigan, USA).  The
resulting sequence was accessioned in the GenBank public
database (Benson et al., 1999; accession number JF944898)
and compared to published ND2 sequences from potential
parent species using a BLAST search of the database, con-
ducted 23 May 2011.
I further examined the ancestry of the putative hybrid
using nuclear DNA markers, which are biparentally inherit-
ed and recombinant, thus providing information on both
parents.  I analyzed the putative hybrid plus a suite of
known-identity individuals from the three possible parent
species (i.e., 15 P. rex, 4 P. nevisense, and 5 P. roanoka)
using 12 microsatellite markers (Prex33, Prex34, Prex36,
Prex37, Prex38, Prex41, Prex42, Prex43, Prex44, Prex45,
Prex46 and Prex47) and conditions described by Dutton et
al. (2008).  Forward primers were labeled using one of the
following four fluorescent dyes: NED, VIC, PET or FAM
(Applied Biosystems, Inc., Foster City, California, USA).
PCR was conducted in a MyCycler Thermal Cycler
(BioRad, Hercules, California, USA).  Amplification prod-
ucts were separated in an ABI 3130 automated sequencer at
the Virginia Bioinformatics Institute at Virginia Tech and
sized using GeneMapper version 3.5 and a LIZ500HD size
standard (Applied Biosystems, Inc., Foster City, California,
USA).  
Only seven of the microsatellite markers (Prex37,
Prex38, Prex41, Prex43, Prex44, Prex46, and Prex47)
amplified reliably across all three potential parental
species, presumably because of inter-specific mutations in
microsatellite-flanking regions that prevented annealing of
primers.  I used data from these seven markers to infer the
ancestry of the putative hybrid using two types of admix-
ture analyses.  First, NewHybrids 1.1 (Anderson, 2003) was
used to estimate the Bayesian posterior probabilities that
the putative hybrid belonged in each of six discrete hybrid
categories (Anderson and Thompson, 2002).  NewHybrids
could accommodate only two parental species at a time, so
two separate models were run.  The first model estimated
the probabilities that the putative hybrid was: 1) a pure P.
rex, 2) a pure P. nevisense, 3) an F1 cross of these two
species, 4) an F2 cross of two F1s, 5) an F1 x P. rex back-
cross, or 6) an F1 x P. nevisense backcross.  In the second
model, categories were similar except that P. roanoka was
substituted for P. nevisense.  I did not attempt to model the
possibility of a P. roanoka x P. nevisense hybrid, given that
mtDNA analysis indicated that P. rex was one of the ances-
tral species (see Results and Discussion).  In both models,
I used a Jeffreys-type prior distribution for the parental
species’ allele frequencies, as recommended by Anderson
and Thompson (2002), and made an exhaustive set of 2.5 x
106 “sweeps” through the Markov-Chain-Monte-Carlo
(MCMC) simulation algorithm.
The second admixture analysis employed STRUC-
TURE 2.1 (Pritchard et al., 2000) to estimate the probabili-
ties of the putative hybrid’s genome originating from each
of the three possible parental species.  The STRUCTURE
model assumed three a priori genetic populations (i.e., K
= 3) with independent allele frequencies, but allowed for
potential background admixture and did not incorporate
prior knowledge of individuals’ species-identities.
Parameter space was searched using 106 recorded MCMC
chains, following a burn-in of 105 chains.  To estimate the
potential accuracy of admixture analyses for detecting
hybrids, estimates of genetic differentiation (FST) were
calculated in ARLEQUIN 3.11 (Excoffier et al., 2005) and
compared to the simulation results of Vähä and Primmer
(2006).
RESULTS AND DISCUSSION
All meristic counts were within meristic ranges previ-
ously observed for P. nevisense, but counts were not con-
sistently within known ranges for the other two species
(Fig. 2).  Meristic counts on the putative hybrid for pectoral
fin rays (13), anal fin spines (2) and anal fin rays (10) over-
lapped with the known meristic ranges of all three poten-
tial parent species.  In contrast, the dorsal spine count (12)
overlapped only with P. roanoka and P. nevisense and the
count of scales above the lateral line (8) overlapped only
with P. rex and P. nevisense.  Remaining meristic counts
for the putative hybrid, including dorsal fin rays (13), cir-
cum-caudal-peduncle scales (22), scales below the lateral
line (11) and lateral line scales (63), overlapped with the
range for P. nevisense only.  Thus, meristic results were
inconsistent with the hypotheses of pure P. rex or pure P.
roanoka ancestry.  However, because meristic characteris-
tics of hybrid individuals may or may not be intermediate
to parental species (e.g., Ross and Cavender, 1981), alterna-
tive hypotheses regarding meristics are possible, including:
(1) pure P. nevisense ancestry, (2) meristic intermediacy in
a P. rex x P. roanoka hybrid, or (3) meristic non-intermedi-
acy in a hybrid cross involving P. nevisense.
Based on a BLAST search of the GenBank database,
the haplotype of the putative hybrid was identical (1037 bp
matching) to a published P. rex ND2 mitochondrial DNA
haplotype (accession number JF929012).  The P. rex indi-
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vidual bearing this haplotype was captured in the upper
Roanoke River (J. Roberts, unpublished data).  In contrast,
the closest-matching P. roanoka ND2 haplotype
(AY225722) was only 85% similar (883 of 1037 bp) to the
hybrid haplotype.  No P. nevisense ND2 haplotypes were
contained in the GenBank database, but the closest-match-
ing ND2 haplotype from P. peltata (AY770845), a close rel-
ative of P. nevisense, was only 84% similar (869 of 1033 bp)
to the hybrid haplotype.  Thus, there was strong evidence
that one of the ancestral species was P. rex, though I could
not conclude from this analysis, how far back in time the
ancestry occurred (i.e., the hybrid individual could have
been an F1, F2, backcross, etc.).
Analyses of nuclear DNA microsatellite data suggest
that the most likely parental species of the putative hybrid
were P. rex and P. nevisense.  Estimates of FST were 0.13,
0.20, and 0.21 in pairwise comparisons of known-identity P.
rex versus P. roanoka, P. roanoka versus P. nevisense, and
P. rex versus P. nevisense specimens, respectively.  Given
this level of differentiation and the use of seven loci,
STRUCTURE could detect hybrid ancestry ≥ 20% with esti-
mated 60-80% accuracy, whereas NewHybrids could assign
hybrid status with estimated 50-80% accuracy (Vähä and
Primmer, 2006).  In the NewHybrids model hypothesizing P.
rex and/or P. nevisense as parental species, there was an
essentially equal Bayesian posterior probability that the
putative hybrid was a pure P. rex or a pure P. nevisense (P
= 0.35) and the highest-probability hybrid category was F1
(P = 0.14) (Table 1).  In the model hypothesizing P. rex
and/or P. roanoka as parental species, there was a low prob-
ability for any category involving full or partial P. roanoka
ancestry (P < 0.02), so the model assigned most of the prob-
ability to the pure P. rex category (P = 0.96).  Both models
performed well at classifying individuals of known identity
to the correct species, with probabilities > 0.97 in all cases.
NewHybrids thus indicated strong support for P. rex and P.
nevisense ancestry, but weak support for P. roanoka ances-
try.  Difficulties teasing apart pure from hybrid ancestry may
have stemmed from the somewhat low statistical power of
the analysis, given only 7 loci (Vähä and Primmer, 2006).
The STRUCTURE analysis also performed well at
assigning known-identity individuals to the correct species,
but assignment of the putative hybrid was more ambiguous
(Fig. 3).  Assuming that the markers were not linked, we
would expect an F1 hybrid to exhibit an approximately 0.5
probability of originating from each of two parental species.
However, the Bayesian posterior probabilities of the puta-
tive hybrid being a P. nevisense, P. roanoka, or P. rex were
0.73, 0.17, and 0.09, respectively.  Thus, STRUCTURE indi-
cated strong support for P. nevisense ancestry, but weaker
support for either other parent.  Lack of strong support for
P. rex ancestry suggests that the hybrid may have been a
backcross with P. nevisense, though this hypothesis was not
supported by the results of NewHybrids. Previous studies
have revealed hybrid backcrosses of various other darter
taxa that lacked strong nuclear introgression despite com-
plete mitochondrial introgression (e.g., Bossu and Near,
2009; Keck and Near, 2009).  
Given the preponderance of meristic and genetic evi-
dence, the most parsimonious explanation is that the 
specimen was a hybrid between P. rex and P. nevisense.
Analysis of mitochondrial DNA clearly indicated P. rex
matrilineal ancestry, whereas nuclear DNA results were
most consistent with admixture between P. rex and P.
nevisense.  Meristic data indicated either pure P. nevisense
ancestry or hybridization, but could not be used to proffer
one hybrid pairing over another.  Although I cannot conclu-
sively rule out the possibility of P. roanoka ancestry, this
species was the least supported parental species across the
analyses performed herein.  Furthermore, data were incon-
clusive as to how many generations ago the hybridization
event occurred, given that neither of the two admixture
analyses clearly indicated that the hybrid was an F1.
No hybrids previously have been reported involving
either P. rex or P. nevisense, yet this hybridization event is
not especially surprising: both species are relatively large-
bodied darters with similar ecological requirements and
modest sexual dimorphism.  Thus, prezygotic RIBs may be
weak for these species.  RIBs are known to break down fol-
lowing disturbances (Hubbs, 1955; Seehausen et al., 1997),
though I am unaware of any novel environmental pressures
that would increase hybridization rates in the Roanoke
River.  The prevalence and significance of such hybridiza-
tion events are unknown.  However, I presume that
hybridization between P. rex and P. nevisense has been
rare in the Roanoke River over the past 40 years, given that
this was its first observation despite frequent surveys over
this time period by workers from Virginia Tech and
Roanoke College (Jenkins and Burkhead, 1994; R. Jenkins,
Roanoke College, pers. comm.).  Biologists working in this
area in the future should be particularly observant for addi-
tional Percina hybrids.  Further analyses of this and future
suspected hybrids should seek to determine the direction
of hybridization and whether crossings are one-time events
or if introgression is ongoing. A targeted search for mito-
chondrial introgression between P. rex and P. nevisense in
the Roanoke River also may be useful.
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Model 1  Bayesian posterior probabilities 
  Pure Pure F1 F2 F1 x P. rex F1 x P. nevisense 
Species n P. rex P. nevisense hybrid hybrid backcross backcross 
Hybrid 1 0.350 0.347 0.136 0.023 0.041 0.104 
P. rex 15 >0.976 0.000 0.000 <0.001 <0.020 0.000 
P. nevisense 4 0.000 >0.989 0.000 <0.001 0.000 <0.010 
Model 2  Bayesian posterior probabilities 
  Pure Pure F1 F2 F1 x P. rex F1 x P. roanoka 
Species n P. rex P. roanoka hybrid hybrid backcross backcross 
Hybrid 1 0.962 0.009 0.002 0.016 0.014 0.004 
P. rex 15 >0.996 0.000 0.000 <0.001 <0.004 0.000 
P. roanoka 5 0.000 >0.990 0.000 <0.002 0.000 <0.008 
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TABLE 1. Results of Bayesian admixture analysis of the putative hybrid Percina specimen and 24 known-identity specimens
at seven microsatellite markers.
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FIGURE 1. Photographs of all Percina species known to occur in the upper Roanoke River, including
A) the putative hybrid specimen, B) P. rex, C) P. nevisense, D) P. roanoka. Pictured specimens were collected
in the Roanoke River, Roanoke County, Virginia, and measured 58, 62, 76, and 58 mm total length 
respectively.
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FIGURE 2. Measured values from the putative hybrid specimen and published ranges for P. nevisense, P. roanoka,
and P. rex of counts for nine meristic characters.
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FIGURE 3. Results from STRUCTURE admixture analysis, showing Bayesian posterior probabilities of 
25 individuals’ origination from each of three inferred ancestral populations (represented by shading). Each 
individual is represented by a single horizontal bar.
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Business Meeting
36th Annual Meeting of the
Southeastern Fishes Council
November 11th & 12th, 2010
Athens, Georgia
The 2010 business meeting of the Southeastern Fishes
Council was called to order by Chair Gerry Dinkins at
4:21 p.m. One hundred and three people attended the
meeting.
Report of the Secretary
Secretary Rebecca Blanton reported that the 2009 minutes
were unanimously accepted by electronic vote of the
membership with 25 members submitting a vote by e-
mail.  She noted that the 2009 minutes would be posted
on the SFC website.
Report of the Treasurer
Treasurer Anna George presented the society’s overall
financial standing and the financial status of the 2010
meeting, noting that the society was financially steady.
Details of the Treasurer’s Report are given below.  Jim
Williams moved and Hank Bart seconded the motion to
accept the report, which was unanimously approved by
the membership.
Report of the Committees
Nominating Committee – Carol Johnston.  
Chair Dinkins noted that Carol Johnston as chair-elect
would be the head of the nominating committee, and
beginning sometime next year she would be
approaching individuals to assemble a slate of candi-
dates for chair, secretary, and treasurer. He also
explained that all three executive committee posi-
tions would be coming up for election because
Treasurer George and Secretary Blanton were cur-
rently serving their second term.  He thanked both
George and Blanton for their service and asked that if
anyone was interested in running for any of these
offices, that they contact Carol Johnston.
Program Committee – Mary Freeman, Anna George
and Jim Williams.
The committee provided brief comments on the 2010
meeting and Chair Dinkins thanked the committee and
all others involved in organizing the 2010 meeting for
their hard work.
Chair Dinkins also provided details on the location and
dates for 2011 SFC Annual Meeting.  He reminded the
membership that through a previous agreement of the
membership, every third year the meeting would be
held Chattanooga, TN, thus the site for the 2011 meet-
ing.  He also noted that in the subsequent year the
meeting would be held at a state park (such as
Guntersville State Park), and then return again to a
local college or university.  Several members initiated
discussion regarding the need to keep the meeting
locale as centralized to the membership as possible.
Hank Bart initiated discussion regarding hosting a
future upcoming meeting in New Orleans, which
would serve as a good venue because it would also be
a place in which we could have a suitable memorial to
Royal D. Suttkus.
Constitution Committee – Bernie Kuhajda (no action,
no report)
Proceedings Committee – David Neely and Chris
Skelton
Editor Neely discussed the status of online issues of
the Proceedings and noted that he had received one
and was anticipating a second manuscript for consid-
eration for publication in the 2011 Proceedings. Brett
Albanese requested that the password for accessing
online issues of the Proceedings be re-distributed to
the membership.
Awards Committee – Anna George 
Anna George presented awards of appreciation to
Mary Freeman and Jim Williams for organizing the
2011 meeting. Jake Schaefer was presented with an
Amazon gift certificate in appreciation of his hard
work on the SFC website.
Technical Advisory Committee – 
Chair Dinkins noted that this was a newly created
committee, and that the constitution stated that it
must be composed of the following:  the Executive
Committee, two active field biologists from separate
states, three active faculty members involved with
southeastern fish research, and three people from the
membership at large and must be assembled by the
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Chair.  The following people agreed to serve on the
Technical Advisory Committee:  Pat Rakes
(Conservation Fisheries), Charlie Saylor (Tennessee
Valley Authority), Steve Powers (Roanoke College),
Ginny Adams (U. of Central Arkansas), Hank Bart
(Tulane), Mel Warren (U.S. Forest Service), Jim
Williams (U.S. Geological Survey, retired), and Brett
Albanese (Georgia Department of Natural Resources).
Membership Committee – Rebecca Blanton 
Blanton reported a slight decline in membership in
2011.  The total membership at the time of the meeting
was 141 members including 5 life, 98 regular, 6 family,
and 32 student memberships compared to a total of
167 members in the previous year and 192 in 2008.
She noted however, that the total did not reflect those
that had joined at or just prior to the meeting.
Website Committee – Jake Schaefer
Schaefer provided a brief update on the SFC website,
asking members to submit pictures and indicated that
the online submission of abstracts worked well and
that this mode of submission would be used for future
meetings.
Old Business
Status of electronic only Proceedings.  
Chair Dinkins noted that after careful consideration,
the executive committee had decided that the
Proceedings will not be a paperless publication (elec-
tronic only).  Instead, the membership will be allowed
to opt out of receiving the paper version, and receive
only the electronic version is they so choose.  A dis-
cussion was held on how this option would be instat-
ed.  Treasurer George noted that an option would be
added to the membership renewal/new membership
forms to select preference of journal format.
Formal partnership with SARP.  
Chair Dinkins explained to the membership that the
partnership with SARP had been formalized.
Petition to list Elassoma alabamae.  
Chair Dinkins noted a petition had been submitted to
FWS, but no action had been taken as of the meeting
date.
SFC history.
Jake Schaefer indicated that the history (1992 to pres-
ent) of SFC officers, meeting places, etc. was nearly
finished and would soon be posted on SFC webpage.
Chair Dinkins confirmed that he was continuing to
work on the historical information and would soon
have this completed and ready for posting on the
website.
Petition to list aquatic species by Center for
Biological Diversity.  
Jim Williams summarized this issue, providing an
overview of SFC’s review of list of fish species includ-
ed.  He explained that in conjunction with several
members, SFC had proposed a ‘trimmed’ version of
the list that removed those species of fishes that did
not warrant immediate action for protection by the
federal government. He noted that through their
efforts, they had reduced the list by 20-30 species of
fishes.  This revised version was given to the CBD,
but D. Neely noted that many, if not most, of the SFC
recommendations had been ignored.  Williams
explained to the membership that the petition had not
been filed as of the date of the meeting.
New Business
Monitoring the federal register.
Chair Dinkins noted that someone in the membership
should monitor the federal register to identify actions
that pertain to SFC.  In doing so, the membership
could be alerted to any actions that are related to the
mission of the society and thus become involved as
needed.  The membership discussed the best mode of
monitoring the register and disseminating information
to the membership (email, Facebook, and other
options were considered).  Jim Williams asked U.S.
Fish and Wildlife Service members present if SFC
could be added to the e-mail list for Regions 4 and 5.
Robin Goodloe of FWS said yes, but this would mean
that members would also receive non-fish related
actions as well.  Williams volunteered to receive e-
mails and pass on only those actions that were relat-
ed to southeastern fishes to the membership.
Continuation of ‘themed’ meetings.
Chair Dinkins asked the membership to consider
whether themes for subsequent meetings should be
continued or if we should eliminate themes and have
only submitted papers in the oral presentation ses-
sions.  This discussion was raised due to the large
number of papers submitted for the 2010 orals ses-
sions, which resulted in several members being asked
to present as posters.  He noted that the executive
committee felt strongly that a symposium theme be
continued as part of the annual meeting, rather than
submitted papers only, and that the theme session
take up the first half of the first morning session (1/8
of total meeting time). This decision was supported
by the membership.
Payment of meeting registration.
Mel Warren asked if the cost of membership could be
included in the meeting registration cost.  Treasure
George explained that doing such caused confusion
for members as to which year was being paid.  She
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indicated that the SFC membership was an annual
membership and should be renewed in January each
year.  She concluded that it would be possible to add
an option to pay for the meeting registration and
membership simultaneously, but members would
have to indicate which year they were paying for and
that she would revise the payment form to include a
way of indicating the year of membership paid.
Passing of Dr. Royal D. Suttkus.
Chair Dinkins noted the passing of one of the soci-
ety’s founding members, Dr. Royal D. Suttkus in
December, and Hank Bart’s obituary that appeared in
the spring issue of Copeia.
Bart told the membership that he was working with
the family of Dr. Suttkus to plan a memorial service
and celebration of his life.  As the organizer of the
service, Bart asked the membership to consider mak-
ing a financial contribution to help pay for the
expenses.  Carol Johnston suggested that a future
SFC meeting and memorial to Suttkus be held in con-
junction in New Orleans, LA.  Anna George expressed
concerns with holding a meeting in New Orleans,
because it would move the meeting from a central
location and possibly prohibit many members from
attending. Greg Moyer suggested that the society have
a ‘Suttkus-themed’ meeting, but to do so in one of the
selected central locations.
Establishing a relationship with Patagonia – 
Anna George told the membership that she had been
approached by Patagonia to see if the society might
have an interest in establishing a relationship with
them. Patagonia had seen the Desperate Dozen list
produced by the society and was interested in an
updated and possibly a geographically expanded list.
Discussion ensued regarding the potential financial
and/or public outreach benefits to the society.
George noted that it would not likely involve a finan-
cial gain, but would be more of a public relations out-
reach relationship.  Mollie Cashner noted that this
relationship may provide a long-term potential for
money through recognition of SFC on the Patagonia
website.  Discussion was also initiated regarding the
request to modify or expand the original Desperate
Dozen list. The conclusion by the membership was to
use the existing Desperate Dozen publication and
restrict our geographic focus to the southeastern US.
George suggested that we indicate that SFC would
regularly review and update or add to the list as need-
ed.  She also asked that the Technical Advisory
Committee review the potential collaboration.
New FWS position and upcoming federal register
actions involving SFC.
Cindy Williams announced the creation of a new FWS
position that will be housed at the Tennessee
Aquarium in Chattanooga. She also requested that the
SFC Technical Advisory Committee look over the fed-
eral register and provide comments on the recent list-
ing of the Atlantic Sturgeon.  She also indicated that
FWS may propose expansion of some refuges and
may request SFC to provide comments.
Fishes in need reports. 
Anna George presented a new initiative in collabora-
tion with SARP to identify and provide updated
species accounts for Tier I, II, and III species in the
Mobile and Cumberland drainages of the southeastern
United States.  She identified experts and asked those
identified to volunteer to write a species account,
including conservation status, threats, and needed
conservation actions of each identified species.  Brett
Albanese asked the purpose of this endeavor.  George
replied that it would provide updated information of
threatened and endangered fishes of these regions to
the USFWS and she also discussed the possible public
outreach potential of the project.
State reports
Chair Dinkins and Editor Neely noted the State
Reports would soon be posted on the SFC webpage
and would only be published online in the future.
The meeting was adjourned by Chair Dinkins at 5:31 p.m.
Respectfully submitted, Secretary Rebecca Blanton
Johansen
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